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ABSTRACT
Low-metallicity active galactic nuclei (AGNs) are interesting to study the early phase of the AGN
evolution. However most AGNs are chemically matured and accordingly low-metallicity AGNs are ex-
tremely rare. One approach to search for low-metallicity AGNs systematically is utilizing the so-called
BPT diagram that consists of the [O iii]λ5007/Hβλ4861 and [N ii]λ6584/Hαλ6563 flux ratios. Specif-
ically, photoionization models predict that low-metallicity AGNs show a high [O iii]λ5007/Hβλ4861
ratio and a relatively low [N ii]λ6584/Hαλ6563 ratio, that corresponds to the location between the
sequence of star-forming galaxies and that of usual AGNs on the BPT diagram (hereafter “the BPT
valley”). However, other populations of galaxies such as star-forming galaxies and AGNs with a high
electron density or a high ionization parameter could be also located in the BPT valley, not only
low-metallicity AGNs. In this paper, we examine whether most of emission-line galaxies at the BPT
valley are low-metallicity AGNs or not. We select 70 BPT-valley objects from 212,866 emission line
galaxies obtained by the Sloan Digital Sky Survey. Among the 70 BPT-valley objects, 43 objects show
firm evidence of the AGN activity; i.e., the He iiλ4686 emission and/or weak but significant broad Hα
emission. Our analysis shows that those 43 BPT-valley AGNs are not characterized by a very high
gas density nor ionization parameter, inferring that at least 43 among 70 BPT-valley objects (i.e.,
> 60%) are low-metallicity AGNs. This suggests that the BPT diagram is an efficient tool to search
for low-metallicity AGNs.
Keywords: galaxies: abundances — galaxies: active — galaxies: ISM — galaxies: nuclei — galaxies:
Seyfert
1. INTRODUCTION
The active galactic nucleus (AGN) is one of the most
luminous class of objects in the Universe, whose huge
radiative energy is released through the mass accretion
onto the supermassive black hole (SMBH). The mass
of SMBHs (MBH) is tightly correlated with the mass
or the stellar velocity dispersion of their host galax-
ies (e.g., Magorrian et al. 1998; Marconi & Hunt 2003;
Kormendy & Ho 2013; Reines & Volonteri 2015), imply-
ing that SMBHs and galaxies have evolved with closely
interacting in each other (the so-called co-evolution of
SMBHs and galaxies). However, the physics behind the
co-evolution is still unclear. To understand the total
picture of the co-evolution, examining the scaling rela-
tions for AGNs in the early phase of the co-evolution
is an interesting approach since different theoretical
models predict different redshift dependences of scal-
ing relations (e.g., Kawakatu et al. 2003; Lamastra et al.
2010). One simple strategy to explore the early phase
of the co-evolution is measuring the scaling relations at
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high redshifts, where the typical age of AGNs is much
younger than low-redshift AGNs. Many attempts have
been made for measuring the scaling relations for high-
redshift AGNs (e.g., Schramm et al. 2008; Wang et al.
2010; Carniani et al. 2013), and a higher MBH with re-
spect to the mass or velocity dispersion of host galaxies
has been sometimes reported (e.g., Wang et al. 2010).
On the other hand, there are some reports claiming that
such a possible evolution in the scaling relation is a result
of observational bias through the sample selection (e.g.,
Schulze & Wisotzki 2011). Measuring the properties of
AGN host galaxies at high redshift is generally very chal-
lenging, that prevents us from assessing the scaling rela-
tions at high redshifts.
Another possible approach to study the early phase
of the co-evolution is focusing on young AGNs at low
redshifts, where detailed observations are much easier
than high redshifts. In this context, low-metallicity (i.e.,
chemically young) AGNs in the low-redshift Universe
are particularly interesting. However, the typical metal-
licity of AGNs inferred for broad-line regions (BLRs)
and narrow-line regions (NLRs) is high (Z & 2Z⊙;
e.g., Nagao et al. 2006b; Matsuoka et al. 2009) and low-
metallicity AGNs are very rare (e.g., Izotov & Thuan
2008). Groves et al. (2006) proposed a method to search
for AGNs with a low-metallicity NLR, that utilizes
an optical emission-line diagnostic diagram which con-
sists of the flux ratios of [N ii]λ6584/Hαλ6563 and
[O iii]λ5007/Hβλ4861. This diagnostic diagram was
originally investigated for classifying emission-line galax-
ies into star-forming galaxies and Seyfert 2 galaxies (BPT
diagram, Baldwin et al. 1981). Kewley et al. (2001,
hereafter Ke01) established the “maximum” starburst
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line in the BPT diagram by combining stellar population
synthesis models and photoionization models. On the
other hand, Kauffmann et al. (2003b, hereafter Ka03)
derived empirical classification criteria for star-forming
galaxies while Kewley et al. (2006, hereafter Ke06) de-
rived empirical classification criteria for low-ionization
nuclear emission-line regions (LINERs; Heckman 1980),
using emission-line data taken from the database of Sloan
Digital Sky Survey (SDSS; York et al. 2000).
Groves et al. (2006) pointed out that AGNs with a
low-metallicity NLRs (i.e., characterized by the so-
lar or sub-solar metallicity) should have a flux ra-
tio of [O iii]λ5007/Hβλ4861 as high as usual AGNs
(∼ 100.5 − 101) but have an intermediate flux ra-
tio of [N ii]λ6584/Hαλ6563 between usual AGNs and
low-mass (i.e., low-metallicity) star-forming galaxies (∼
10−1 − 10−0.5). This is because the nitrogen relative
abundance is in proportion to the metallicity due to
its nature as a secondary element (e.g., van Zee et al.
1998). In the BPT diagram, there are only few ob-
jects located at the region characterized by a high
flux ratio of [O iii]λ5007/Hβλ4861 and an intermedi-
ate flux ratio of [N ii]λ6584/Hαλ6563 (hereafter “BPT
valley”; see Figure 3). Groves et al. (2006) specifically
focused on AGNs with a low-mass host galaxy (i.e.,
Mhost < 10
10M⊙), and then they selected low-metallicity
AGNs using another diagnostic diagram that consists of
[N ii]λ6584/[O ii]λ3727 and [O iii]λ5007/[O ii]λ3727 flux
ratios. However, it is not clear whether low-metallicity
AGNs should be always found in a sample of AGNs with
a low-mass host galaxy. Also, the method adopted by
Groves et al. (2006) requires a wide wavelength coverage
(λrest ∼ 3700 − 6600 A˚), that is not convenient for fu-
ture applications to expand the search of low-metallicity
AGNs toward the high-redshift Universe.
Therefore, we focus on BPT-valley selection (requir-
ing a moderately narrow wavelength coverage; λrest ∼
4800 − 6600 A˚) to select low-metallicity AGNs without
any host-mass cut. However, there is a potentially seri-
ous problem in the BPT-valley selection for identifying
low-metallicity AGNs. That is, not only low-metallicity
AGNs are located in the BPT valley. As Kewley et al.
(2013) showed, star-forming galaxies with a very hard
radiation field or high-density H ii regions are expected
to be seen in the BPT valley (see also, e.g., Shirazi et al.
2014). Also, star-forming galaxies with a high ioniza-
tion parameter (e.g., Steidel et al. 2014; Hayashi et al.
2015), a high nitrogen-to-oxygen abundance ratio (N/O;
e.g., Masters et al. 2014; Shapley et al. 2015; Yabe et al.
2015; Kojima et al. 2016), or shocks (e.g., Newman et al.
2014) are also expected to be seen in the BPT valley. Not
only star-forming galaxies, AGNs with a high electron
density or high ionization parameter (i.e., not character-
ized by a low metallicity) could be also seen in the BPT
valley (e.g., Nagao et al. 2001a). Therefore, it is not com-
pletely clear whether the BPT-valley objects are really
low-metallicity AGNs and whether the BPT diagram is
a useful tool to search for low-metallicity AGNs. This
problem prevents us from selecting chemically-young
AGNs observationally.
In this paper, we investigate the optical spectra
of BPT-valley objects for examining whether most of
emission-line galaxies at the BPT valley are really low-
metallicity AGNs or not. Through this examination,
it will be tested whether the optical BPT diagram is
an efficient and appropriate method to search for low-
metallicity AGNs. In Section 2, we present our selection
procedure of the BPT-valley sample. In Section 3, we
show how we identify BPT-valley AGNs to avoid con-
taminating star-forming galaxies at the BPT valley. In
Section 4, we investigate gas properties of the selected
BPT-valley AGNs such as electron density and ioniza-
tion parameter, for examining whether the BPT-valley
AGNs are characterized by a low metallicity or not. In
Section 5, we disccus physical properties of the BPT-
valley AGNs. Section 6 describes the summary of this
work.
2. SAMPLE
In order to select the BPT-valley objects, we use Max-
Planck-Institute for Astrophysics (MPA)-Johns Hopkins
University (JHU) SDSS Data Release 7 (Abazajian et al.
2009) galaxy catalog1. The MPA-JHU DR7 catalog of
spectral measurements contains various spectral proper-
ties such as emission-line fluxes and their errors, based on
the analysis for 927,552 objects without showing domi-
nant broad Balmer lines (i.e., star-forming galaxies, com-
posite galaxies, LINERs, and type-2 Seyfert galaxies) in
the SDSS DR7. Our sample selection is based on the fol-
lowing procedure (the flow chart of our sample selection
process is shown in Figure 1).
First, we select the initial sample according to the fol-
lowing criteria. We require the reliable redshift mea-
surement (i.e., zwarning = 0) and also z > 0.02. This
redshift limit is required to cover [O ii]λ3727. This re-
sults in 906,761 galaxies. Then we require a signal-to-
noise ratio (S/N) > 3 for some key emission lines, i.e.,
Hβλ4861, [O iii]λ5007, [O i]λ6300, Hαλ6563, [N ii]λ6584
and [S ii]λλ6717, 31 (212,866 galaxies).
Next, we classify these 212,866 galaxies and extract the
BPT-valley sample according to the following steps.
1. Using the Ka03 empirical line,
log
(
[O III]
Hβ
)
>
0.61
log([N II]/Hα)− 0.05
+ 1.3, (1)
for removing usual star-forming galaxies (56,217
galaxies).
2. Using the Ke01 maximum starburst line,
log
(
[O III]
Hβ
)
>
0.61
log([N II]/Hα)− 0.47
+ 1.19, (2)
for removing so-called composite galaxies (22,865
galaxies).
3. Using the Ke06 empirical criterion,
log
(
[O III]
Hβ
)
> 1.36 log
(
[O I]
Hα
)
+ 1.4, (3)
for obtaining Seyfert sample by removing LINERs
(14,253 galaxies).
1 http://www.mpa-garching.mpg.de/SDSS/
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4. Adopting the following criterion,
log
(
[N II]
Hα
)
< −0.5, (4)
for finally selecting the BPT-valley sample (71
galaxies).
Note that 1 object in the 71 BPT-valley objects was
observed twice and duplicated in the final sample, i.e.,
the final BPT-valley sample consists of 70 objects. The
BPT-valley criterion (Equation 4) is determined empiri-
cally, by taking account of the frequency distribution of
the [N ii]λ6584/Hαλ6563 flux ratio of Seyfert galaxies.
Figure 2 shows the [N ii]λ6584/Hαλ6563 frequency dis-
tribution of Seyfert galaxies, where the average and stan-
dard deviation of the logarithmic [N ii]λ6584/Hαλ6563
flux ratio are −0.058 and 0.145, respectively. Accord-
ingly, the 3 σ bounding from the average value is −0.493,
and therefore we adopt the threshold to categorize BPT-
valley objects as described by Equation 4. Figure 3
shows the finally selected 70 BPT-valley objects in the
BPT diagram that consists of [N ii]λ6584/Hαλ6563 ver-
sus [O iii]λ5007/Hβλ4861. Table 1 shows the basic prop-
erties of the selected BPT-valley objects.
3. SELECTION OF SECURE-AGN SAMPLE
As described in Section 1, the BPT-valley sample po-
tentially includes star-forming galaxies with special gas
properties, not only AGNs. Thus we first select objects
showing secure evidence of the AGN from the BPT-valley
sample. Specifically, we regard objects showing at least
one of the following two features in their SDSS spectra
as secure AGNs; (1) a broad Hαλ6563 emission, and (2)
a He iiλ4686 emission line. Details of the selection pro-
cedure of secure AGNs are given below.
3.1. Broad Hαλ6563 emission line
The velocity profile of recombination lines is a powerful
tool to examine the presence of AGNs, since star-forming
galaxies never show a velocity width wider than ∼1000
km s−1 in full-width at half maximum (FWHM). Gen-
erally the optical spectra of type-1 AGNs show broad
permitted lines whose velocity width is & 2000 km s−1
emitted from BLRs. The origin of recombination lines
with FWHM ∼ 1000 − 2000 km s−1 is not very clear,
since such lines may arise at BLRs in so-called narrow-
line Seyfert 1 galaxies (NLS1s; e.g., Osterbrock & Pogge
1985) or at NLRs in type-2 AGNs with a relatively large
velocity width (such as NGC 1068 and NGC 1275; see,
e.g., Heckman et al. 1984; Crenshaw & Kraemer 2000).
However, in either case, the detection of recombination
lines with FWHM > 1000 km s−1 strongly suggests the
presence of AGNs. Therefore we search for the broad
Hαλ6563 component in the optical spectrum of the BPT-
valley objects. Here we do not search for the broad com-
ponent of the Hβλ4861 emission, since it is intrinsically
fainter than that of the Hαλ6563 emission and it is some-
times affected significantly by the Fe iimultiplet emission
(e.g., Vanden Berk et al. 2001).
We use an IRAF routine specfit (Kriss 1994) to find
the broad Hαλ6563 component. Specifically, we fit the
SDSS optical spectrum of the BPT-valley objects in the
range of λrest = 6200 − 6800 A˚ with and without the
BPT-valley sample
22,865       YES
71 (70)
NO
14,182
Seyfert
sample
SDSS DR7 spectroscopic
galaxy sample
927,552
• Z_WARNING = 0
• z > 0.02
• flux, flux_error ≠ 0
• S/N > 3 for
Hβλ4861, [O III]λ5007, 
[O I]λ6300, Hαλ6563, 
[N II]λ6584, [S II]λ6717, 31
212,866       YES
56,217       YES
YES
star-forming 
galaxy sample
NO
156,649
14,253       YES
NO
33,352
composite
sample
NO
8,612
LINER
sample
Figure 1. Flow chart of the selection of BPT-valley objects.
Numbers shown in the chart denote the numbers of objects at each
selection stage. The number shown in the parenthesis denotes the
number of objects after removing the duplication.
broad Hαλ6563 component, and examine whether the
addition of the broad component improves the spectral
fit significantly. The details of the fitting procedure are
as follows. First, we fit the optical spectrum with a lin-
ear continuum component and single-Gaussian emission-
line components for [O i]λ6300, [O i]λ6363, [N ii]λ6548,
Hαλ6563, [N ii]λ6584, [S ii]λ6717, and [S ii]λ6731 (here-
after “nobroad fitting”). Here we assume that the ve-
locity width of all emission lines is the same, and the
relative separation of the emission lines is fixed to be
the same as that of their laboratory wavelengths. The
flux ratios of [O i]λ6300 to [O i]λ6363 and [N ii]λ6584
to [N ii]λ6548 are fixed to be 3.00 and 2.96 respectively
(Mendoza 1983), and the flux ratios among the remain-
ing emission lines are kept to be free. Then, we add a
broad component for the Hαλ6563 emission to the no-
broad fit, where the flux, wavelength center and width of
this additional component are kept to be free (hereafter
“broad fitting”). Here we recognize that the additional
broad component significantly improves the fit by the
4 Kawasaki et al.
Table 1
The BPT-valley sample
ID SDSS Name Plate MJD Fiber z Hβλ4861 [O iii]λ5007 [O i]λ6300 Hαλ6563 [N ii]λ6584
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
1.......... SDSS J102310.97−002810.8 0272 51941 0238 0.11274 253.97 2279.29 125.19 881.10 235.20
2.......... SDSS J111006.26−010116.5 0278 51900 0096 0.10949 382.92 1837.07 129.44 1484.61 438.76
3.......... SDSS J230321.73+011056.4 0380 51792 0565 0.18136 235.38 1692.71 12.29 816.35 247.33
4.......... SDSS J024825.26−002541.4 0409 51871 0150 0.02467 10.35 41.33 4.71 47.65 14.92
5.......... SDSS J073506.37+393300.8 0432 51884 0316 0.03479 29.46 163.57 8.55 109.51 21.85
6.......... SDSS J023310.78−074813.4 0455 51909 0388 0.03097 97.71 707.20 12.83 433.29 104.88
7.......... SDSS J092907.78+002637.3 0475 51965 0205 0.11732 259.86 2602.18 56.12 1173.36 274.70
8.......... SDSS J090613.76+561015.1 0483 51902 0016 0.04668 188.36 1144.93 73.96 621.46 189.46
9.......... SDSS J144328.78+044022.0 0587 52026 0374 0.11411 36.11 300.13 3.37 137.53 32.98
10......... SDSS J114825.71+643545.0 0598 52316 0189 0.04169 349.08 1347.75 60.17 1302.50 392.24
11......... SDSS J213439.57−071641.9 0641 52199 0487 0.06377 215.60 2079.35 78.83 800.93 182.94
12......... SDSS J001050.35−010257.4 0686 52519 0020 0.11299 223.89 1669.57 109.74 940.89 275.90
13......... SDSS J124738.52+621243.1 0781 52373 0076 0.12112 171.82 915.80 33.03 697.15 162.91
14......... SDSS J131659.37+035319.9 0851 52376 0219 0.04541 127.05 1399.96 80.91 698.40 136.73
15......... SDSS J115908.55+525823.1 0881 52368 0623 0.06644 392.77 2812.16 52.13 1218.45 379.53
16......... SDSS J104632.21+543559.7 0906 52368 0169 0.14475 83.71 938.64 19.52 375.92 101.46
17......... SDSS J104600.36+061632.0 1000 52643 0035 0.18447 146.67 637.74 31.28 586.86 177.72
18......... SDSS J101945.65+520608.6 1008 52707 0378 0.06492 29.60 115.17 6.75 92.29 28.00
19......... SDSS J205111.11+000913.2 1023 52818 0393 0.06644 7.37 44.11 4.92 37.11 9.68
20......... SDSS J214930.43+010509.4 1031 53172 0369 0.11399 28.14 210.35 3.43 109.29 31.13
21......... SDSS J081653.27+285423.1 1206 52670 0530 0.05740 246.45 1610.19 131.99 1145.34 203.60
22......... SDSS J095319.42+422912.2 1217 52672 0349 0.22343 207.67 1835.79 83.29 698.87 115.09
23......... SDSS J110504.94+101623.5 1221 52751 0359 0.02076 104.02 466.39 29.14 481.20 151.62
24......... SDSS J114440.53+102429.3 1226 52734 0435 0.12688 51.67 304.73 39.93 241.38 67.83
25......... SDSS J124110.10+104143.7 1233 52734 0611 0.15613 214.49 1004.84 29.37 703.65 188.71
26......... SDSS J092620.42+352250.3 1274 52995 0147 0.24729 118.98 868.18 81.24 513.89 75.74
27......... SDSS J131756.07+491531.3 1282 52759 0390 0.09231 215.30 2050.51 105.88 711.65 176.30
28......... SDSS J090107.41+085459.2 1300 52973 0335 0.08380 172.61 1116.69 153.30 822.23 210.37
29......... SDSS J120134.05+581421.1 1313 52790 0527 0.04636 28.83 136.20 5.78 87.43 20.49
30......... SDSS J152723.47+334919.1 1354 52814 0044 0.09116 44.63 173.46 24.18 254.04 79.05
31......... SDSS J112314.89+431208.7 1365 53062 0119 0.08005 56.52 226.87 33.20 183.08 52.19
32......... SDSS J152328.09+313655.6 1387 53118 0210 0.06850 382.47 1707.84 67.32 1300.98 322.89
33......... SDSS J120900.89+422830.9 1448 53120 0075 0.02364 100.07 614.24 24.50 320.70 61.56
34......... SDSS J121839.40+470627.6 1451 53117 0190 0.09389 478.35 5046.81 101.68 1861.68 380.45
35......... SDSS J005231.29−011525.2 1496 52883 0089 0.13485 251.99 2400.52 55.68 826.34 254.44
36......... SDSS J011341.11+010608.5 1499 53001 0522 0.28090 191.99 2118.06 38.27 779.72 162.79
37......... SDSS J001901.52+003931.8 1542 53734 0375 0.09669 58.06 296.69 15.99 242.69 58.75
38......... SDSS J034019.39+002530.6 1632 52996 0467 0.35296 40.58 375.40 10.78 167.65 46.21
39......... SDSS J032224.64+401119.8 1666 52991 0048 0.02608 121.08 1388.24 50.70 428.76 130.77
40......... SDSS J135855.82+493414.1 1670 53438 0061 0.11592 56.67 385.56 14.74 189.76 50.29
41......... SDSS J160452.78+344540.4 1682 53173 0201 0.05493 87.33 437.20 37.34 364.99 111.94
42......... SDSS J132011.71+125940.9 1698 53146 0327 0.11398 25.43 174.93 4.92 92.99 24.68
43......... SDSS J143523.42+100704.1 1711 53535 0306 0.03122 128.18 530.61 15.31 473.30 123.16
44......... SDSS J072637.94+394557.8 1733 53047 0326 0.11141 505.82 3357.26 23.23 1744.03 120.42
45......... SDSS J095914.76+125916.4 1744 53055 0385 0.03432 1298.59 8418.94 361.09 4396.86 1088.11
46......... SDSS J113714.22+145917.2 1755 53386 0463 0.03484 74.19 364.47 25.99 276.40 77.15
47......... SDSS J120847.79+135906.7 1764 53467 0013 0.29030 136.33 659.31 28.11 554.94 137.92
48......... SDSS J135429.05+132757.2 1777 53857 0076 0.06332 312.80 3422.56 111.50 1005.37 306.94
49......... SDSS J130431.99+061616.7 1794 54504 0046 0.06283 184.84 1202.46 41.38 702.29 217.24
50......... SDSS J134316.52+101440.1 1804 53886 0433 0.08132 186.67 960.51 170.90 635.68 198.21
51......... SDSS J160032.89+052608.8 1822 53172 0012 0.11653 281.02 1630.88 69.22 1204.67 280.09
52......... SDSS J081212.84+541539.8 1871 53384 0060 0.04417 93.10 809.73 34.28 326.93 94.82
53......... SDSS J084038.99+245101.6 1931 53358 0396 0.04334 137.37 770.11 39.75 579.80 151.50
54......... SDSS J122451.88+360535.4 2003 53442 0112 0.15094 25.95 148.22 11.11 126.62 35.77
55......... SDSS J134237.37+273251.3 2017 53474 0127 0.04947 12.67 97.69 10.27 60.02 17.32
56......... SDSS J140952.03+244334.6 2128 53800 0358 0.05215 45.42 220.76 12.29 198.30 41.19
57......... SDSS J142535.21+314027.1 2129 54252 0618 0.03324 91.61 362.11 42.31 323.51 95.49
58......... SDSS J145505.97+211121.1 2148 54526 0122 0.06751 82.30 441.80 12.31 437.94 126.61
59......... SDSS J083200.51+191205.8 2275 53709 0472 0.03753 549.64 6069.28 42.46 15422.57 419.58
60......... SDSS J103731.01+280626.9 2356 53786 0468 0.04263 54.57 447.10 24.55 216.95 65.48
61......... SDSS J104403.52+282628.3 2356 53786 0618 0.16286 225.46 1047.00 17.43 794.20 193.30
62......... SDSS J104724.40+204433.5 2478 54097 0541 0.26515 102.51 751.70 37.17 391.58 66.16
63......... SDSS J160635.22+142201.9 2524 54568 0498 0.03245 162.66 621.83 41.72 517.08 160.44
64......... SDSS J171901.28+643830.8 2561 54597 0345 0.08954 152.42 709.97 21.69 586.95 174.32
65......... SDSS J084658.44+111457.5 2574 54084 0382 0.06296 130.82 638.15 41.04 557.91 161.29
66......... SDSS J095745.49+152350.6 2584 54153 0442 0.05183 96.42 702.55 24.58 514.46 117.37
67......... SDSS J133014.91+242153.9 2665 54232 0388 0.07151 50.49 244.84 15.74 284.46 76.98
68......... SDSS J135007.07+164227.2 2742 54233 0551 0.13043 99.01 903.05 38.82 495.52 137.00
69......... SDSS J153941.67+171421.9 2795 54563 0509 0.04583 157.66 758.85 14.76 500.33 119.40
70......... SDSS J143730.46+620649.4 2947 54533 0227 0.21862 66.97 290.54 22.39 219.25 65.39
Note. — Col. (1): Identification number assigned in this paper. Col. (2): Object name. Col. (3)–(5): Plate-MJD-Fiber ID in the SDSS
observation for analyzed spectra. Col. (6): Redshift measured by the SDSS pipeline. Col. (7)–(11): Emission-line fluxes in units of 10−17
erg s−1 cm−2.
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Figure 2. Histogram of the [N ii]λ6584/Hαλ6563 flux ra-
tio of Seyfert galaxies. Dashed line denotes the average of log
([N ii]λ6584/Hαλ6563) = −0.058, while dotted line denotes the
threshold of log ([N ii]λ6584/Hαλ6563) = −0.5 to select BPT-
valley objects.
Figure 3. The BPT diagram ([N ii]λ6584/Hαλ6563 versus
[O iii]λ5007/Hβλ4861), showing the BPT-valley sample (red
square) among the SDSS DR7 emission-line objects. The green
solid line is the Ke01 extreme starburst criterion, while the red
solid line denotes the criterion for separating star-forming galax-
ies and composite galaxies (Ka03). The violet solid line is the
BPT valley criterion which is defined in this paper. The numbers
of various galaxy populations are shown in the parenthesis in the
lower-left box.
following criterion:
χ˜2nobroad − χ˜
2
broad
χ˜2nobroad
> 0.4, (5)
where χ˜2nobroad and χ˜
2
broad are the reduced chi-square of
the nobroad fitting and broad fitting, respectively. Note
that the threshold, 0.4, is determined empirically, so that
the result becomes consistent with the visual inspection.
As a result, 13 BPT-valley objects with a broad compo-
nent are identified from the 70 BPT-valley objects. Fig-
ures 4 and 5 show the SDSS spectrum with the best-fit
result for the BPT-valley objects with a broad Hαλ6563
component. Figure 6 shows an example of objects (ID =
48) whose fitting result does not satisfy the criterion de-
fined by Equation 5 (for this case, the improvement of the
fit is slightly less than the threshold, 0.32). Note that we
regard object ID = 8 as an object with a broad Hα com-
ponent, though the FWHM of the broad Hα component
is less than 1000 km s−1 (Figure 7). This is because this
object shows [Fe vii]λ6087 and [Fe x]λ6374 lines, that
are seen only when the AGN presents. Note that such
high-ionization forbidden emission lines are preferentially
seen in type-1 AGNs (e.g., Murayama & Taniguchi 1998;
Nagao et al. 2000). Note that the [Fe vii]λ6087 line is
seen in 8 objects while [Fe x]λ6374 line is seen in 3 ob-
jects (including ID = 8, note that 2 objects in addition
to ID = 8 show both [Fe vii]λ6087 and [Fe x]λ6374).
The spectral properties of the BPT-valley objects with a
broad Hαλ6583 component are summarized in Table 2.
Only 1 BPT-valley object (ID = 25) shows the broad Hβ
component among the 13 BPT-valley objects showing a
broad Hα component (see Figure 4).
3.2. He iiλ4686 emission line
The presence of a He iiλ4686 emission line indicates the
existence of the hard ionizing radiation since the ioniza-
tion potential for He+ is 54.4 eV. This hard radiation is
naturally produced by AGNs. Therefore, the He iiλ4686
emission line is a good indicator of AGNs. We examine
whether the SDSS optical spectrum of the BPT-valley
objects show the He iiλ4686 line by the visual inspec-
tion, since the He iiλ4686 information is not given in
the MPA-JHU database. As a result, 38 BPT-valley ob-
jects with the He ii emission line are identified from the
70 BPT-valley objects. Some of the SDSS spectra of
BPT-valley objects with the He ii detection are shown
in Figures 4, while those without the He ii detection are
shown in Figure 5.
3.3. Classification result of the BPT-valley sample
The results of the classification of the BPT-valley ob-
jects are summarized in Table 3. Among the 70 BPT-
valley objects, 8 objects show both broad Hα compo-
nent and He ii emission line, that are now confirmed to
be AGNs. There are 5 objects showing the broad Hα
component but without He ii emission line, that are also
regarded as AGNs. The non-detection of the He ii line
is likely due to insufficient signal-to-noise ratio, since the
He ii line is very weak. In addition, 30 objects show
the He ii line but without broad Hα component, that
are thought to be typical type-2 AGNs. Here we should
mention that the stellar absorption lines (mainly Hα)
are not considered in our fitting procedure. Though the
stellar Hα absorption line could impact the narrow com-
ponent of the Hα emission, the absorption effect is neg-
ligible for examining the presence of the broad Hα com-
ponent. This is because the equivalent width of the de-
tected broad Hα component is higher than 20 A˚ (the
median value of EWrest(Hα)b is 44.74 A˚, Table 2) while
the typical equivalent width of the stellar Hα absorption
is∼ 2−3 A˚ in nearby galaxies (e.g., Ho et al. 1997). Note
that the detected He ii line is not caused by Wolf-Rayet
stars, because the typical velocity width of the detected
He ii line is not broad (. 1000 km s−1). Therefore, at
least 43 among the BPT-valley objects are regarded as
AGNs. There may be some additional AGNs in the re-
maining 27 objects, possibly owing to insufficient S/N
to detect any AGN indicators in their spectra. Instead,
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Figure 4. Spectra of the BPT-valley objects showing a broad Hα component and He ii emission. Best-fit models are plotted in red, while
the narrow-Hα+[N ii] Gaussian components, broad Hα component, and continuum are plotted in green, violet, and orange, respectively.
Residuals are plotted in blue. Reduced chi-square values are given at the upper-right side in the right panels (the value before adding the
broad α component is given in the parenthesis).
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Figure 4. (Continued)
some of those 27 objects could be non-AGNs, i.e., star-
forming galaxies with a relatively high N/O ratio or fast
shocks. We do not discuss further about those 27 ob-
jects since the main interests of this work are on the
BPT-valley AGN sample. Accordingly, we conclude that
at least 43 objects of the BPT-valley sample (or ∼ 60%,
but probably more) are confirmed to be AGNs.
As described in Section 3.1, at least one of the
[Fe vii]λ6087 and [Fe x]λ6374 lines are seen in 9 BPT-
valley objects. Interestingly, a large fraction of objects
showing both the broad Hα component and He ii emis-
sion show such high-ionization iron lines (5 among 8 ob-
jects). On the other hand, objects showing neither the
broad Hα component nor He ii emission never shows
those high-ionization iron lines. Then, a few objects in
the remaining two classes show high-ionization iron lines
(4 among 35 objects). This may infer that our classifi-
cation is well tracing the presence of the AGN, but the
absence of high-ionization iron lines could be simply due
to a low S/N ratio of the spectra.
Figure 8 shows how various populations of galaxies
classified in this work are populated in the BPT dia-
gram. There are no significant segregation except for
two BPT-valley objects whose [N ii]λ6584/Hαλ6563 flux
ratio is very low, < 0.1. Both of these two galaxies show
no broad Hα component nor He ii line, which is consis-
tent with the idea that these two objects are not low-
metallicity AGNs but somewhat extreme low-metallicity
galaxies, characterized probably by a very high ioniza-
tion parameter and/or very hard ionization radiation.
4. SELECTION OF LOW-METALLICITY AGNS
The 43 BPT-valley objects confirmed to be AGNs
are not necessarily low-metallicity AGNs, because AGNs
with a very high electron density or very high ioniza-
tion parameter are also expected to be populated in the
BPT valley as mentioned in Section 1. More specifi-
cally, the [N ii]λ6584 emission in AGNs with a density
higher than the critical density of the [N ii]λ6584 transi-
tion (∼8.7 ×104 cm−3) is significantly suppressed due to
the collisional de-excitation effect. On the other hand, a
very high ionization parameter results in a higher rela-
tive ionic abundance of N2+ (i.e., a lower relative ionic
abundance of N+), that results in a weaker [N ii]λ6584
emission. Therefore, in this section, we examine whether
the 43 BPT-valley AGNs are characterized by a very high
electron density or very high ionization parameter or not,
and test whether the AGNs in the BPT-valley are char-
acterized by low-metallicity gas or not.
4.1. Electron density
The emission-line flux ratios of [S ii]λ6717/λ6731
and [O ii]λ3729/λ3726 are famous good indicators of
the electron density (e.g., Osterbrock 1989). In this
work, we use the [S ii]λ6717/λ6731 line ratio to esti-
mate electron density, because the wavelength separa-
tion of the [O ii] doublet is too small to be well re-
solved with the SDSS spectral resolution. We use an
IRAF routine temden for deriving the electron density
from the [S ii]λ6717/λ6731 ratio, by assuming the elec-
tron temperature of 10,000 K. Here we derive the elec-
tron density whose [S ii]λ6717/λ6731 ratio is within
the range of 0.5–1.4. No BPT-valley objects show the
[S ii]λ6717/λ6731 ratio lower than 0.5 (i.e., the high-
density limit) while 11 among the 70 BPT-valley objects
show the flux ratio higher than 1.4 (i.e., the low-density
limit). Among 14,252 Seyfert sample, only 12 objects
show the [S ii]λ6716/λ6731 ratio lower than 0.5 while
2,880 objects show the flux ratio higher than 1.4.
Figure 9 shows the frequency distribution of the in-
ferred gas density for objects whose [S ii]λ6717/λ6731
ratio is within the range of 0.5–1.4; i.e., 41 BPT-valley
AGNs (showing a broad Hα component and/or He ii
emission), 59 BPT-valley objects (including objects with-
out any AGN signatures), and 11,360 Seyfert galaxies.
Here we show the histograms for both BPT-valley AGNs
and BPT-valley objects, because some of BPT-valley ob-
jects without any AGN signatures could be also AGNs
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Table 2
Broad-line AGNs in the BPT valley
ID f(Hα)n f(Hα)b FWHMHα FWHM[S II] EWrest(Hα)b
(1) (2) (3) (4) (5) (6)
broad Hα and He ii
3......... 991.96 1834.96 7162.24 245.05 88.10
8......... 414.20 309.70 875.811 247.31 27.02
12........ 524.87 830.66 1682.70 324.79 57.25
13........ 748.78 728.55 2033.36 223.68 72.83
25......... 607.56 930.70 1974.28 248.66 159.88
34........ 2072.41 797.10 2083.37 377.39 33.06
65........ 573.27 761.34 4830.02 263.52 44.61
66........ 448.38 768.76 2430.79 221.86 47.03
broad Hα and noHe ii
17........ 719.07 392.29 3396.57 270.94 44.74
21........ 1014.89 1145.11 2440.19 337.97 44.13
47........ 515.66 726.01 3569.90 273.99 246.77
58........ 390.35 801.51 4347.42 307.51 28.83
67........ 276.51 335.10 2372.32 276.41 25.14
Note. — Col. (1): Identification number assigned in this paper. Col. (2):
Flux of the nallow component of Hα in units of 10−17 erg s−1 cm−2. Col.
(3): Flux of the broad component of Hα in units of 10−17 erg s−1 cm−2. Col.
(4): FWHM of the broad component of Hα in units of km s−1. Col. (5):
FWHM of the [S ii]λ6717 (i.e., narrow component) in units of km s−1. Col.
(6): Rest-frame equivalent width of the broad component of Hα in units of A˚.
1 Classified as an object with a broad Hα component through the FWHM of
the additional Hα component is less than 1000 km s−1 (see the main text).
Table 3
Classification result of the
BPT-valley sample
broad nobroad
He II 8 30
noHe II 5 27
(see Section 3.3). The median density of the BPT-valley
AGNs, BPT-valley objects, and Seyfert galaxies are 210
cm−3, 210 cm−3, and 270 cm−3, respectively. In order
to investigate whether the frequency distribution of the
gas density is statistically different among the samples,
we apply the Kolmogorov-Smirnov (K-S) statistical test
with a null hypothesis that the frequency distribution of
the gas density of two classes of objects comes from the
same underlying population. The derived K-S probabil-
ity for the BPT-valley AGNs and Seyferts is 0.207, while
that for the BPT-valley objects and Seyferts is 0.146.
These results strongly suggest that the BPT-valley sam-
ple is not characterized by the higher gas density with
respect to the Seyfert sample.
4.2. Ionization parameter
The ionization palameter is the ratio of the number
density of hydrogen-ionizing photons to that of Hydro-
gen atoms. In order to investigate the ionization param-
eter, the [O iii]λ5007/[O ii]λ3727 flux ratio is a useful
indicator because this ratio does not suffer significantly
from chemical properties of the gas in both AGNs and
star-forming galaxies (see, e.g., Komossa & Schulz 1997;
Nagao et al. 2002; Nakajima & Ouchi 2014). Note that
this flux ratio is sensitive also to the gas density if the
density is higher than the critical density of [O ii] (∼103.5
cm−3), but the typical density of NLRs inferred from the
[S ii] doublet ratio is much lower than that as described in
Section 4.1. Though the dust reddening is not corrected
to study the BPT diagram due to the small wavelength
separation of emission-line pairs used for the BPT dia-
gram (Section 2), we should correct for the reddening ef-
fect to investigate the [O iii]λ5007/[O ii]λ3727 flux ratio.
For this correction, we assume RV = AV /E(B−V ) = 3.1
and the intrinsic flux ratio of Hαλ6584/Hβλ4861 = 3.1,
and adopt the reddening curve of Cardelli et al. (1989).
Figure 10 shows the histogram of the [O iii]λ5007/
[O ii]λ3727 line ratio of the BPT-valley AGNs, BPT-
valley objects, and Seyferts, with S/N([O ii]λ3727) >
3. Here it should be noted that the BPT-valley ob-
jects show log([O iii]λ5007/Hβλ4861) > 0.5 by defini-
tion, while the Seyfert galaxies could have much lower
[O iii]λ5007/Hβλ4861 flux ratios down to ∼ −0.2. This
may introduce a selection effect in the sense that strong
[O iii] emitters could be selectively included in the BPT-
valley sample. Therefore, for reducing this selection ef-
fect, only objects with log([O iii]λ5007/Hβλ4861) > 0.5
are examined for assessing the ionization parameter. Af-
ter adopting this additional criterion, the numbers of the
BPT-valley AGNs, BPT-valley objects, and Seyferts ex-
amined in Figure 10 are 42, 69, and 8,500, respectively.
This figure shows that the BPT-valley samples seem
to show systematically higher [O iii]λ5007/[O ii]λ3727
flux ratios than the Seyfert sample. The median val-
ues of the logarithmic [O iii]λ5007/[O ii]λ3727 flux ra-
tios of the BPT-valley AGNs, BPT-valley objects, and
Seyferts are 0.67, 0.65, and 0.46, respectively. In or-
der to investigate whether or not the distributions of the
[O iii]λ5007/[O ii]λ3727 line ratio are statistically differ-
ent between BPT-valley sample and Seyfert sample, we
apply the K-S statistical test. The K-S probability that
the underlying distribution of these two distributions is
the same is 3.925× 10−6 for the BPT-valley AGNs and
Seyferts, while 1.803 × 10−5 for the BPT-valley objects
and Seyferts. These results suggest that the BPT-valley
samples have statistically higher [O iii]λ5007/[O ii]λ3727
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Figure 5. Same as Figure 4 but for objects showing the broad Hα emission but without the He ii line.
10 Kawasaki et al.
 0
 10
 20
 30
 40
 50
 60
 70
 80
 4700  4800  4900  5000
ID = 48
F
λ 
[1
0
−
1
7
 e
rg
 s
−
1
 c
m
−
2
 Å
−
1
]
Rest Wavelength [Å]
−50
 0
 50
 100
 150
 200
 250
 6300  6400  6500  6600  6700
χ~2broad = 1.37
(χ~2nobroad = 2.01)
Rest Wavelength [Å]
FWHMHα =  6325.30 km/s
Figure 6. Same as Figure 4 but for an example of objects whose fitting result does not satisfy Equation 5.
−10
 0
 10
 20
 30
 40
 6000  6100  6200  6300  6400  6500  6600
ID = 8 χ
~2
broad = 3.21
(χ~2nobroad = 6.13)
F
λ 
[10
−
17
 
e
rg
 
s−
1  
cm
−
2  
Å−
1 ]
Rest Wavelength [Å]
[Fe X]λ6374[Fe VII]λ6087
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Figure 8. The BPT diagram ([N ii]λ6584/Hαλ6563 versus
[O iii]λ5007/Hβλ4861) with the classification result of the BPT
valley sample among the SDSS DR7 emission-line objects. The
numbers of various galaxy populations are shown in the parenthe-
sis in the lower-right box.
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Figure 9. Histograms of the electron density of the BPT-valley
AGN (filled green), BPT-valley objects (open red), and Seyfert
galaxies (open gray), normalized by their peak count. Dashed lines
denote the range of the electron density measurable through the
[S ii] doublet ratio.
Seyfert sample. Note that it is well known that low-
metallicity galaxies are generally characterized by a rela-
tively high ionization parameter, at least for star-forming
galaxies (e.g., Nagao et al. 2006a). It may be interesting
that the BPT-valley objects show a clear edge at the
lower side of the [O iii]λ5007/[O ii]λ3727 distribution in
Figure 10. However, probably this feature is not sta-
tistically significant, because the number of BPT-valley
objects is not enough to discuss the tail of the frequency
distribution of the [O iii]λ5007/[O ii]λ3727 flux ratio.
In the next subsection, we will examine whether or not
this difference in the ionization parameter can be respon-
sible for the lower [N ii]λ6584/Hαλ6563 ratio observed
in the BPT-valley samples with respect to the Seyfert
sample.
4.3. Model calculations
As shown in Section 4.2, the ionization parameter of
the BPT valley sample is higher than that of the Seyfert
sample. Since it is interesting to examine either the BPT-
valley AGNs are characterized by a low metallicity or a
high ionization parameter, we perform photoionization
model calculations.
We perform photoionization model calculations for
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Figure 10. Same as Figure 9 but for the [O iii]λ5007/[O ii]λ3727
flux ratio.
simulating the NLR of AGNs, using the code CLOUDY
version 13.03 (Ferland et al. 1998). Here the main pa-
rameters for CLOUDY calculations are as follows (see
Nagao et al. 2001a, for more details):
1. The hydrogen density of the cloud (nH).
2. The ionization parameter (U).
3. The chemical composition of the gas.
4. The shape of the input SED.
We calculate photoionization models covering the fol-
lowing ranges of parameters: 101 cm−3 ≤ nH ≤
106 cm−3 and 10−4 ≤ U ≤ 10−1. We set the gas-
phase elemental abundance ratios to be the solar ones.
The adopted solar abundances relative to hydrogen are
taken from Grevesse & Anders (1989) with extensions by
Grevesse & Noels (1993). The adopted metallicity (i.e.,
the solar one) is not typical for usual Seyfert galaxies
(whose NLR metallicity is generally higher than the solar
metallicity), possibly nor BPT-valley AGNs (that could
have sub-solar metallicity). However, as described be-
low, it is useful to fix the metallicity to examine whether
the ionization parameter alone can account for the differ-
ence in the emission-line flux ratios between BPT-valley
objects and Seyferts. For the input SED, we adopt the
following one:
fν = ν
αUV exp
(
−
hν
kTBB
)
exp
(
−
kTIR
hν
)
+ aναX (6)
as a typical spectrum of AGNs (see Ferland 1996). kTIR
is the infrared cutoff of the big-blue bump, and we adopt
kTIR = 0.01 ryd (see Ferland 1996). αUV is the slope
of the low-energy side of the big-blue bump. We adopt
αUV = 0.5, which is typical for AGNs (Ferland 1996).
αox is the UV–to–X-ray spectral slope, which determines
the parameter a in equation (6). We adopt αox = −1.35,
which is the average value of nearby Seyfert 1 galaxies
(see Walter & Fink 1993). αx is the X-ray slope, and
we adopt αx = −0.85 (see Nagao et al. 2001a). TBB is
the characterizing the shape of the big-blue bump, and
we adopt 490,000 K (see Nagao et al. 2001a). The cal-
culations end at the depth where the temperature falls
to 3,000 K, below which gas does not contribute signifi-
cantly to the flux of optical emission lines.
Figure 11 shows the results of the photoionization
model calculations, overlaid on the BPT diagram.
Though the density effect is not significant in the range
of 101 cm−3 < nH < 10
5 cm−3, we can see the ef-
fect of the collisional de-excitation at nH > 10
4 cm−3.
However, this figure suggests that the difference in the
[N ii]λ6584/Hαλ6583 flux ratio is more easily explained
by the difference in the ionization parameter rather than
by the difference in the gas density. More specifically,
a higher ionization parameter by 0.5–1 dex in the BPT-
valley objects with respect to the Seyfert sample is re-
quired to explain the lower [N ii]λ6584/Hαλ6583 flux
ratio of the BPT-valley objects.
For examining whether the BPT-valley objects have a
higher ionization parameter than the Seyfert sample, we
investigate another diagnostic diagram that consists of
the emission-line flux ratios of [O iii]λ5007/[O ii]λ3727
and [O i]λ6300/[O iii]λ5007 (Figure 12). This diagram
is useful to examine the effect of ionization parameter
without suffering from the metallicity effect, because
only oxygen lines are used and thus less sensitive to
the metallicity. Figure 12 shows that the BPT-valley
sample and Seyfert sample have a similar gas density,
that is consistent with our analysis presented in Sec-
tion 4.1. More interestingly, Figure 12 shows that the
BPT-valley sample shows a systematically higher ion-
ization parameter than the Seyfert sample, but the in-
ferred difference in the ionization parameters is only less
than 0.5 dex. This strongly suggests that the lower
[N ii]λ6584/Hαλ6563 flux ratio in the BPT-valley sam-
ple with respect to the Seyfert sample is not explained
by the ionization parameter (nor the gas density, as de-
scribed in Section 4.1). Therefore we conclude that the
BPT-valley AGNs are characterized by a systematlcally
lower metallicity than the Seyfert sample, as originally
proposed by Groves et al. (2006).
Figure 11. Same as Figure 8 (without the inset panel in Figure 8)
but grids of photoionization models are overlaid. Different colors
of lines denote different parameters adopted in the calculations, as
shown in the inset panels.
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Figure 12. Diagnostic diagram of [O iii]λ5007/[O ii]λ3727 versus
[O i]λ6300/[O iii]λ5007. The symbols and lines are the same as in
Figure 11. Note that only the BPT valley objects with S/N > 5 of
the [O ii]λ3727, [O iii]λ5007 and [O i]λ6300 line are plotted.
As mentioned Section 1, low-metallicity AGNs are in-
teresting to study the early phase of the AGN evolu-
tion. However low-metallicity AGNs are very rare, so
that little has been reported on physical property of low-
metallicity AGNs. In this section, we present some basic
properties of BPT-valley objects which are expected to
be low-metallicity AGNs.
5.1. Stellar mass
Naively it is expected that the stellar mass of low-
metallicity AGNs is expected to be relatively low, as
suggested by the mass-metallicity relation seen in star-
forming galaxies (e.g., Tremonti et al. 2004; Lee et al.
2006). Accordingly Groves et al. (2006) introduced a
mass criterion (i.e., M∗ < 10
10 M⊙) to select low-
metallicity AGNs. However, it is not clarified whether
low-metallicity AGNs should be always found in a sam-
ple of AGNs with a low-mass host galaxy. Therefore,
in this paper, we select low-metallicity AGNs without
stellar-mass cut and investigate the mass distribution of
host galaxies of low-metallicity AGNs. Here the stel-
lar mass has been measured and given in the MPA-JHU
DR7 catalog (see also Kauffmann et al. 2003a). Among
the 43 BPT-valley AGNs and 70 BPT-valley objects,
the host mass is available for 39 and 64 objects, respec-
tively. Figure 13 shows the histogram of the stellar mass
of the 39 BPT-valley AGNs, 64 BPT-valley objects and
13,662 Seyferts. The median of the stellar mass of the
BPT-valley AGNs, BPT-valley objects and Seyferts are
1010.15 M⊙, 10
10.07 M⊙ and 10
10.77 M⊙, respectively.
This result clearly shows that the stellar mass of the
BPT-valley AGNs is systematically lower than that of
Seyferts. However, interestingly, a substantial fraction of
the BPT-valley AGN (23 among 39 objects) are actually
hosted by galaxies with M∗ > 10
10 M⊙, suggesting that
low-metallicity AGNs are not necessarily hosted by low-
mass galaxies. Note that such low-metallicity AGNs with
a relatively massive host galaxy cannot be selected by the
criteria of Groves et al. (2006) due to the mass criterion
of M∗ < 10
10 M⊙. Such low-metallicity AGNs hosted
by a relatively massive host galaxy may be realized by
taking into account of the inflow of low-metallicity gas
from the surrounding environment (e.g., Husemann et al.
2011).
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Figure 13. Same as Figure 9 but for the stellar mass.
5.2. Electron temperature
Considering the effect of the metal cooling, low-
metallicity AGNs are expected to be characterized by
the higher electron temperature. Hence we investi-
gate the [O iii]λλ(4959 + 5007)/[O iii]λ4363 line ra-
tio which is very sensitive to the gas temperature.
Here it should be mentioned that, [O iii]λλ(4959 +
5007)/[O iii]λ4363 line ratio also depends on the elec-
tron density (see, e.g., Nagao et al. 2001b). Therefore
we investigate the [O iii]λλ(4959 + 5007)/[O iii]λ4363
and [S ii]λ6717/[S ii]λ6731 line ratios simultaneously in
Figure 14. Here this figure shows the emission-line flux
ratios of BPT-valley objects and Seyferts but only for
objects with a significant detection of the [O iii]λ4363
line (S/N > 3). As described in Section 4.2, only objects
with log ([O iii]λ5007/Hβ) > 0.5 are used (that results
in 9,043 Seyferts and 70 BPT-valley objects). Note that
[O iii]λλ(4959+5007)/[O iii]λ4363 line ratio is corrected
for the reddening effect in the same way as Section 4.2.
The median values of log ([S ii]λ6717/[S ii]λ6731) of the
BPT-valley AGNs, BPT-valley objects and Seyferts with
a [O iii]λ4363 detection are 0.088, 0.088 and 0.055, re-
spectively. Therefore the electron density of the BPT-
valley sample is slightly higher than that of Seyferts as
already mentioned in Section 4.1. The median of log
([O iii]λλ(4959 + 5007)/[O iii]λ4363) of the BPT-valley
AGN, BPT-valley objects and Seyferts are 1.77, 1.77 and
1.79, respectively. This result suggests that the elec-
tron temperature of the BPT-valley objects is not signifi-
cantly higher than that of Seyferts. However, the fraction
of objects showing a significant (S/N > 3) [O iii]λ4363
emission is very different between the Seyferts and BPT-
valley objects. More specifically, 44 among the 70 BPT-
valley objects (∼ 63 %) show the [O ii]λ4363 emission
while only 1,516 among 9,043 Seyferts (∼ 17 %) show
the [O iii]λ4363 line. This difference infers that gener-
ally the gas temperature of the NLR in BPT-velley ob-
jects tends to be so high that the [O iii] λ4363 line is
detected in most cases, while the typical gas tempera-
ture of the NLR in Seyferts may be lower than that in
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BPT-valley objects and only highly biased objects with
a relatively high temperature in the Seyfert sample show
the [O iii]λ4363 line. This result is consistent to our ex-
pectation that the BPT-valley objects is actually charac-
terized by a relatively high gas temperature, due to the
low gas metallicity.
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Figure 14. Diagnostic diagram of [O iii]λλ(4959+5007)/
[O iii]λ4363 versus [S ii]λ6717/[S ii]λ6731. The symbols are the
same as in Figure 8. Note that only the BPT valley objects with
S/N > 3 of the [O iii]λ4363 line are plotted.
6. CONCLUSIONS
In this paper, we focus on low-metallicity AGNs (ZNLR
. 1 Z⊙) which are very rare but important since they
are in the early phase of the galaxy-SMBH co-evolution.
Specifically, in this work it is examined whether the BPT-
valley selection is an effective and reliable way to iden-
tify low-metallicity AGNs, as proposed by Groves et al.
(2006). The main results are as follows:
• We select 70 BPT valley sample which expected
low metallicity AGN from 14,253 Seyfert galaxies
of MPA-JHU SDSS DR7 galaxy catalog.
• Out of 70 BPT-valley objects, 43 objects show clear
evidence of the AGN based on the detection of the
broad Hα component and/or He iiλ4686 emission.
• The typical gas density of the BPT-valley sam-
ple (∼210 cm−3) is not higher than that of the
Seyfert sample (∼270 cm−3), suggesting that the
lower [N ii]λ6584/Hαλ6563 ratio in the BPT-valley
AGNs with respect to the Seyfert sample is not
caused by the collisional de-excitation effect.
• The higher [O iii]λ5007/[O ii]λ3727 ratio in the
BPT-valley sample (∼4.5) with respect to that
in the Seyfert sample (∼2.9) suggests a typically
higher ionization parameter of the BPT-valley sam-
ple; however, photoionization models suggest that
the inferred difference in the ionization parameter
between the BPT-valley sample and Seyfert sam-
ple is not enough to explain the observed lower
[N ii]λ6584/Hαλ6563 ratio of the BPT-valley sam-
ple.
• The BPT-valley selection for identifying low-
metallicity AGNs is thus confirmed to be a use-
ful method; in our analysis, more than 60% of
the BPT-valley sample are low-metallicity AGNs
(ZNLR . 1 Z⊙).
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